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14H-o.Arg-Arg-Pro-Hyp«GIy-7hi.Ser-D.Tic-Oic-OH 

15 H-D-Arg-Arg-Aun-Ser-o-Tic-Oic-OH 

1 6 AcLys-[o-pNaJ7 He8]desA/g«BK 

17 AcLys-[{aMe)Phe5 r>PNaJ* IIe*JdesArg»BK 

18 AcLys-Lys-[(«Me)Phe* ofNal* HeajdesArg»BK 
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AcLvs P mL7m w an i a90nis,s (14 " 1 * ••• text for full details). 
AcLys. A/-acety1 lysine; Aim, ammoundecanoic acid: B-Nal 
3-(2-naphthyflalanine. «°.pnai. 



Potential clinical utilities of BK receptor 
antagonists H 

It is generally believed thac B 2 receptors, but not B. recep- 
tors, are expressed in normal tissues and that 
inflammation, tissue damage or bacterial infection can 
rapidly mduce B, receptor expression. This makes the B, 
receptor a particularly attractive drug target, B, recepto 
signaling may have different, more persistent conse- 
quences than B 2 receptor signaling. Studies with cell lines 
expressing recombinant receptors showed that B, recep- 
tors ; are more prone to desensitizarion, showing rapid (i.e 
within minutes) Iigand internalization, loss of cell surface 
receptors and consequently loss of functional responsive- 
ness, and long term receptor down-regulation [25]. This 
property ,s hkely to occur in native tissues because it 
resides in the amino acid code in the intracellular tail of 
the receptor [25]. For instance, in cultured rat dorsal root 
ganglion neurons, ionic currents evoked by BK are short 

Ion fSf CVe " dUdng PCri ° d ° f 3g0nist a PP ,ica - 
ri J " T mSCt rccombinant B, receptors show no 
hgand internalization or receptor sequestration leading to 
persistent activation and long term up-regulation [25] 



At first sight, there are some concerns about the utility of the 
B 2 receptor as a drug target because this receptor seems to 

i«„T ! m n ° rmal cardiovasc ^' regulation and this 
issue has become prominent with the use of B, receptor 
knoc kout These anima]s jhow dcvated h ^ 

ultimately develop cardiomyopathy, effects which have an 
earlie, -onset ,n homozygote (-/-) compared to heterozygous 
(+/-) knockout animals showing a gene dose effect [27«] 
I he common criticism that this is merely a consequence of 
he genetic manipulation is outweighed by observations 
tnat, m wild-type mice, administration of icatibant (2 
Figure 1) increased blood pressure to the same level seen in 
the homozygote knockout animals (27'J. These data strong- 

cardiovascular funct.on and preserve cardiac structure [28] 

risl™' n ° f *' feCCpt0r P ha ^ology that are wo £ 

nsome. On the other hand, in animals, BK has deleterious 
effects ,n coronary ischaemia. In transgenic mice harboring 



the human B 2 receptor gene, depressor responses to BK 
injection are enhanced compared with in wild-type litt T 
mates [27'J. Furthermore, a recent report suggest the 
cardioprotecdve effects of angiotensin convening enzyme 
ACE) inhibitors may not be mediated by elevation of!? 
levek as was first thought [29]. The conjve^ 
by Dell'Itaha and Oparil [30'J. reviewed 

In favor of the development of B 2 receptor antagonists is 
the recent observation that B 2 receptor expression L 
inducible'. For instance, reverse transcriptase PGR «ud 
.es failed to detect B 2 receptor mRNA in doTsal root 
sensory ganglion neurons either freshly disassociated or 
cultured ,n the absence of nerve growth factor; yet, tmng 

SETS T tC ? b,C i0 thC PrCSCnCC 0f "^owth 
fector [31]. It 1S unknown whether other inflammatory 

mediators can up-regulate B 2 receptor expression, and dtis 
may have important consequences on the long-term sensi- 
STf T "^ ,CCpt0rs in inflammatory conditions (see 
below). In addition, ,n cultured human bronchial smooth 

iTuKi^B nV? 2 R rCCCPt0r eXpression was in ^ced by inter- 
ieukin-l|J [32]. B 2 receptor activation may also 'prime' B, 
receptor induction [33]. For example, in rats, the edema 
response produced by intradermal injection of BK was I st 
on repeated injection; however, the same injection site 
developed responsiveness to the B. receptor aeonisr 
desArg' BK (see [34]). 1 P g ° mSC 

The role of BK in pain is beyond doubt. BK, acdng as an 
agonist at B 2 receptors, is one of the most potent algogenic 
(i.e. pain) producing substances. Not only does it excite 
nociceptors direcdy, but it also sensitizes them to other stim- 
uli including inflammatory mediators and heat [26] 
Sensitization is mediated by a different mechanism to the 
way that BK produces direct excitation and, unlike the exci- 
tatory effects, nociceptor sensitization does not show rapid 
desensuization [26]. Thus, B 2 receptor antagonists are 
expected to be analgesic. The pro-inflammatory action of B, 
receptors, namely increased microvascular leakage, has been 
exploited using a peptide dimer BK agonist to produce 
modest increases in the permeability of the blood-brain bar- 
rier, thereby improving access of chemotherapeutic agents 
joi brain tumors that would normally be protected (see [35]) 
Overall, given the recent findings about B 2 receptor desen- 
sitization and the inducible nature in inflammation, it would 
be of interest to re-assess the potential clinical utilities and 
«de -effect profile of the newer, orally active, high affinity B 2 
receptor antagonists. 2 



In animals B, receptor agonists produce hyperalgesia, an 
effect blocked by peptide B, receptor antagonists fo" 
rev,ew see [36]). However, there is little evidence for exci- 
tat.on or sensitization of nociceptors by B, receptor 
agomsts. Eckert,,,/. [37] reported that nerve ligation up- 
regulates B, receptor binding sites in dorsal root ganglia; 
however, their function is unknown. It has be n postulat- 
ed that the pain-producing effects of B, receptors are 
mediated through inflammatory cells releasing substances 
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that then sensitize nociceptors. The ability of B x receptor 
antagonises to block the cellular inflammatory response 
may be an important and clinically exploitable anti-inflam- 
matory mechanism [34]. In multiple sclerosis, the 
migration of inflammatory cells into the central nervous 
system is a stimulus for lesion development and a process 
dependent on the endothelial cell/lymphocyte interaction 
[38] initiates this. In vitro studies have shown that 1$! 
receptors are up-regulated in T-lymphocytes obtained 
from multiple sclerosis patients and that these receptors 
alter T-cell migration [35]. In vitro, desArg 9 Leu 8 -BK, but 
not 2, prevented neutrophil migration initiated by 
cytokines (see [34]). Further experiments with non-pep- 
tide antagonists are required to tease out whether Bj 
r ceptor antagonists are purely anti-inflammatory or 
whether they also possess analgesic properties, and then 
predictions on their clinical utility can be made. 

The potential of B| and/or B 2 receptor antagonists as anti- 
inflammatory, analgesic drugs is exciting because there is 
great clinical need for new drugs of this class. The recent 
introduction of selective cyclo-oxygenase (COX)-II 
inhibitors led to expectations of an improved side-effect 
profile compared with that associated with the prolonged 
use of non-steroidal anti-inflammatory drugs. In this con- 
text, COX products such as prostaglandin E2 induce Bj 
receptor expression, and Bj receptor activation (by stimu- 
lation of COX) can itself release prostanoids. It is not 
known whether B x receptors operate independently of 
COX and whether Bj receptor antagonists would have a 
different pharmacological, • anti-inflammatory, analgesic 
profile [39], although Bj receptor antagonists may offer 
advantages in terms of a lowered side-effect profile. The 
potential for renal side-effects of selective COX-II 
inhibitors remains because of the constitutive expression 
of this enzyme in kidney. In rat kidney, although Bj recep- 
tor mRNA can be induced by pre-trcatment with 
lipopolysaccharide, Bj receptors arc not present under nor- 
mal conditions [33]. Interestingly, considering the areas of 
pharmacological overlap, non-steroidal anti-inflammatory 
drugs have been used to inhibit the growth of some can- 
cers and it is possible that B, and/or B 2 receptor antagonists 
may share this property. Indeed BK antagonists can induce 
apoptosis in cancerous cells [4], The clinical utility of this 
'anti-cancer' action warrants further examination. 

Conclusions 

There are recognizable differences in the roles of B l and B 2 
receptors and the clinical exploitation of each subtype 
should be explored with the development of both B 1 or B 2 
selective receptor antagonists. Of particular importance is 
the fact that B 2 receptors directly excite and sensitize noci- 
ceptors and therefore, B 2 receptor antagonists are expected 
to be analgesic. However, concerns about the cardiovascu- 
lar liabilities of B 2 receptor antagonists should be properly 
evaluated. There are also considerable areas of overlap in 
B, and B z receptor pharmacology, particularly in their pro- 
inflammatory actions. The constitutive expression (but 



rapid desensitization) of B 2 receptors versus the inducible 
nature of B, rec ptors (coupled with persistent signaling) 
implies these receptors have different roles in the course of 
an inflammatory process. Therefore, a mixed B x fB 2 recep- 
tor antagonist might be a suitable drug development target. 
Such a dual antagonist approach was shown to be a more 
successful strategy in an animal model of sepsis [4], 
Although the dual antagonist Bradycor did not achieve suf- 
ficient clinical efficacy in patient trials, this may have been 
due to the metabolic liability and low potency of this pep- 
tide dimcr [4]. Repetition of these experiments with a more 
suitable drug candidate would be scientifically meritorious. 
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